Kumari, 2011). Hence, they find their way up the food pyramid. When they accumulate in the environment and in food chains, they can profoundly disrupt biological processes 2014) .
The chemistry and toxicology of these heavy metals are complex and interesting (Hassan et al., 2014) . Metals can be toxic to microbial population at sufficiently high concentrations. However, some metals such as silver, mercury, cadmium and copper are markedly more toxic even at very low levels (Puranik & Paknikar, 1997) The aim of this study was to examine the possibility to biologically purify wastewater from heavy metals using the green unicellular flagellate Dunaliella sp.
MATERIALS AND METHODS
A pure culture of Dunaliella sp. was supplied by Department of Botany and Microbiology, Alexandria University. The algae were centrifuged (5000 rpm for 20 min) and then stored in liquid medium for 7 d at 20 °C under light (60 W white fluorescent lamp) (Vijayaraghan et al., 2005) . Algae were grown in a standard growth medium (Ting et al., 1989 , Chen 2005 ) with little modifications (Table  1) .
Heavy Metal Sorption and Analysis
100 ml of wastewater was added to 250 ml flask containing 10 mg L -1
Dunaliella cells and were shaked at 25°C for 48 h. At the designed period of 12, 24, 36, 48, 60, 72, 84, 96, 108 and 120 h, 10 ml of the solution were collected for analysis. Dunaliella in the solutions was removed by filtration and the filtrates were analyzed to determine the concentration of the remaining metal ions. 
Concentrations of heavy metals (Cd
, Pb, Ni, Cr, Zn and Cu) in water samples were determined before and after inoculating with algae using Inductively Coupled Plasma Atomic Emission Spectrometry (
Data analysis
The sorption of metals onto microbial surface is described by the following model (Chen, 2005) ; 
Statistical analysis
Each treatment was made in 10 replicates to ensure statistical validity. One -way ANOVA was applied to log-transformed data (to ensure they were normally distributed) using STATGRAPHICS statistical Package (STAT. 4). The differences between means were analyzed by Student T-Test at the P<0.05 significance level.
RESULTS AND DISCUSSION
The analyses of heavy metal concentrations in wastewater samples are presented in Table 2 . The dependence of heavy metals biosorption by Dunaliella on time is shown in Fig.2 . Generally, it is reported that the uptake of metal ions can be divided into two stages: rapid and slow stage (Walterv et al., 2011) . In the 'rapid' stage, the metal ions are adsorbed onto the surface of microorganism. In the 'slow' stage, the metal ions transport across the cell membrane into the cytoplasm. It was reported that lead phosphate precipitated on the cell wall and inside the cell of cyanobacteria (Anabaena cylindrical). Their results confirmed a very fast uptake in the cell envelope and then a longer uptake period inside the cell envelope and then a longer uptake period inside the cell (Sa'idi, 2010).
In this study, rapid biosorption was observed at the beginning (0-12 min, with 74% of metal adsorbed), then reached the equilibrium within 24 h with 95% of metal ions adsorbed. In conclusion, the results of the present study showed that Dunaliella has substantial for phytoremediation of heavy metals from the wastewater. However, further study is required before considering this plant Species for phytoremediation
